Summary -Population genetics of the transferrin polymorphism is analyzed in 549 red deer from mainland France (Vosges, Arc-en-Barrois, Chambord, Allier), and Corsica.
INTRODUCTION
Red deer ( Cervus elaphus) is the largest mammalian herbivore in most European forests. In Central Europe, the species is now confined to isolated habitats, and management of genetic variability of deer populations has aroused some interest (Lang, 1987; Herzog, 1988; Hartl et al, 1990 Hartl et al, , 1991 Hergoz et al, 1991; Klein et al, 1992) . The Vosges mountains in France contain one of the largest autochthonous populations of the subspecies Ce hippelaphus remaining in continental western Europe outside the Alps (numbering some 7 000 individuals after a recent reduction from 10 000 animals) which has not been affected by the introduction of foreign stock for trophy hunting. Therefore, Vosgian deer represent suitable objects to study natural genetic differentiation of the species. Several investigations demonstrated small-scale spatial subdivision within populations of white-tailed deer (Odocoileus virginianus), even across distances of just a few miles (Manlove et al, 1976; Chesser et al, 1982) ; Smith et al, 1984) ; Nelson and Mech, 1987; Scribner, 1993) . In other cervid species, electrophoretic differentiation has been observed for subspecies or geographic populations (Dratch and Pemberton, 1992) . This differentiation can complicate population concepts for evolutionary studies and may be relevant when selecting founder specimens for subsequent reintroduction into game-free territories, a common practice also for red deer in France and elsewhere. However, the considerable knowledge on the population fine structure of Odocoileus is of limited use for red deer management, since the white-tailed deer is adapted to colonize habitats at early stages of vegetation succession, and has been classified as an opportunistic r-strategist with flexible demography (Harrington, 1985) , similar to European roe deer (Hartl and Reimoser, 1988; Kurt, 1991) . In constrast, the reproductive potential of red deer is lower, its ability to colonize unstable habitats more limited, and its lifestyle points to the pattern of a less flexible k-strategist (Kurt, 1991) . Population genetics of red deer is insufficiently known to be able to recognize the influence of social structures, dispersal patterns, and mating systems on the genetically effective population size. We are unaware of any published estimates of effective population sizes of red deer, which would be an indicator of the rate of loss of genetic variation by drift, and whose calculation provides a basic contribution for managing relict herds.
Previously, we presented evidence of heterozygote deficiency at the transferrin locus in Vosgian red deer Bergmann (1976) , Mush6vel (1986) , Herzog (1988) and Herzog et al (1991) encountered 3 T f alleles in several populations from Germany, 2 of which were common, as did Gyllensten et al (1980, 1983) 1989/1990, 1990/1991 and 1991/1992 (Lang, 1987; Jung, 1990 Electrophoresis was carried out in polyacrylamide gels as described previously . In addition, resolution of the alleles was reproduced by isoelectric focusing according to Schreiber (1991 (1978, 1984, 1986, 1987, and 1988 (Gyllensten et al, 1980) and Austria (Mush6vel, 1986) (McDougall and Lowe, 1968; Bergmann, 1976; Gyllensten et al, 1980 Gyllensten et al, , 1983 Mush6vel, 1986; Herzog, 1988; Herzog et al, 1991) . Herzog (1988) found a slight preponderance of homozygotes at the T f locus in 4 out of 5 freeranging deer populations from Germany but no significant lack of T f AB. His small sample series from Harz (n = 16) behaved in good agreement with HardyWeinberg predictions, in contrast to Bergmann's (1976) (Hartl et al, 1990 (Hartl et al, , 1991 , and small-scale shifts in allele frequencies (Hartl et (Hartl et al, unpublished data) . In contrast, the allozyme polymorphisms Me-1, Idh-2, Acp-1 and Acp-2 revealed associations of alleles with biometric parameters (Hartl et al, 1991) , including important factors of differential mortality (via trophy hunting).
Social structures may be too transient to affect polymorphisms which are influenced by selection but could lead to mild and possibly transient differentiation in neutral systems. There is little hard evidence for factors selecting against T f heterozygosity in cervids, the obvious alternative parameter to lead to heterozygote deficiency. In the red deer of Rhum (Scotland), neither of the 2 T f alleles significantly correlated with juvenile mortality but incorporation of T f data into a correlation involving allozyme loci showed that heterozygous deer survived better than homozygotes (Pemberton et al, 1988) . In Scandinavian reindeer, the most common T f allele was positively associated with body weight in male calves but not in yearlings, while the second most common allele was associated with body mass among male yearlings but not among calves, a phenomenon explained by balancing selection (Roed, 1987) . Zhurkevich and Fomicheva (in Gyllensten et al, 1980) described selection against reindeer heterozygous for T f ; differences for viability were found under harsh conditions and for susceptibility to epidemic bacterial infections between carriers of different T f genotypes. There is no knowledge about the mechanisms involved but most of the possible physiological mechanisms which have been reported to influence T f polymorphism of vertebrates focus on an unspecified immunological function which has been demonstrated for ovo-and lactotransferrin but less for serum transferrin (Frelinger, 1972) . Transferrin has been identified in seminal fluid (Lane, 1976) (Schreiber, 1991) , our results on T f variability at Chambord were not to be expected.
We conclude that generalizing models predicting loss of genetic variability in isolated populations and derived management strategies are useful if they are tailored to the particular needs of the population under concern. The selection of founder individuals for stock translocation is one practical aspect in this regard. Many reintroductions in France use animals from Chambord although this population differs in its genetic structure from the investigated autochthonous herds. Since reintroduction projects frequently comprise a few deer only, the genetic microstructure of populations easily determines the degree of genetic drift implied. Few autochthonous populations of red deer remain in Central Europe to study natural population patterns. Although small-scale structuring appears to be less pronounced in Vosgian red deer than in the white-tailed deer studied by Scribner (1994) , and we have no evidence of temporal structuring of allele frequencies within a few successive years as has been described from Odocoileus (Scribner, 1993) , the population structure in red deer is sufficiently complex to require much more empirical work before strategies for the conservation of allelic diversity can be formulated. The grossly different social systems of Vosgian red deer to the sociologically best studied population of the species in Scottish moorlands (Clutton-Brock et al, 1982) are almost certainly reflected in different ratios between numerical and effective population sizes. The effective population size reported here may be more typical of red deer inhabiting broad-leaved or mixed forests which is the species, favorite habitat throughout Europe.
